Introduction
In the Hungarian PWR-type nuclear power plant Paks (four 500 MW e capacity VVER-440/213 blocks) the radioactive waste waters are collected in common tanks. These water streams contain radioactive isotopes in ultra-low concentration and inactive compounds as major components (borate 1.7 g/dm 3 , sodium-nitrate 0.4 g/dm 3 , sodium-hydroxide 0.16 g/dm 3 , and oxalate 0.25 g/dm 3 ). Up to the present the low salinity solutions were evaporated (by adding sodium-hydroxide) till 400 g/dm 3 salt content (pH~13) and after solidification by cementing buried. There is about 6000 m 3 concentrated evaporator bottom residue in the tanks of the PWR. In order to separate the inactive salt content before cementing a Liquid Wastewater Treatment Technology (LWT see Figure 1 .) was developed to treat this wastewater before solidification and burial (Pátzay et al., 2006) . The long-life radionuclides are present in very low concentration (10 -9 -10 -12 mol/dm 3 ) as ions, suspended, colloid particles and in complex (EDTA, oxalate, citrate) form. In this technology the SELION CsTreat cesium selective ion exchanger is used for the selectice separation of radiocesium isotopes ( 134 Cs, 137 Cs). The SELION CsTreat cyanoferrate based cesium-selective ion exchanger is not stable at pH>11 (see reaction equation below), so the use of CsTreat needs partial neutralisation of the evaporator bottom residue to pH~9-11, and during neutralisation sodium-borate crystals precipitate with about 15-30% of the radioactivity.
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The contaminated crystals should be washed to remove the radioactive isotopes from the crystals. To eliminate the generation of radioactive borate crystals and additional wastes we have developed a M 2 Ni[Fe(CN) 6 ] type cesium selective granulated ion exchanger (where M is an alkali ion) which has good stability even at pH>11. Based on this new cesium selective ion exchanger stable at pH>11 we have modified the radioactive evaporator bottom residue treatment technology at the nuclear power plant. The basic idea of the new technological scheme is the selective separation of all radionuclides with inorganic sorbent materials or reagents in very simple processes without any prior neutralization, dilution. After the separation of all radionuclides the inorganic salt content 
The modified liquid wastewater treatment technology
The developed modified technology consists of the following parts:
• Firstly the high salt content, strongly alkaline (pH~13-14) evaporator bottom residue is microfiltered.
• Then the free EDTA, citrate, oxalate content is oxidized with underwater plasma torch and with Fenton oxidation (in this process Co isotopes removed by precipitation as oxide-hydroxide and can be separated by filtration). The treated solution is microfiltered and ultrafiltered.
• Selective separation of the radioactive cesium isotopes ( 137 Cs, 134 Cs) using ion exchange material stable at alkaline pH.
•
Crystallization of borates from the mother lye by neutralization with nitric acid. The modified waste treatment technology was tested at the NPP. After microfiltration about 500 dm 3 evaporator bottom residue was oxidized with underwater plasma torch for the EDTA, citrate and oxalate removal. The oxidized evaporator bottom residue was then microfiltered and ultrafiltered to remove suspended matter and cobalt precipitation from the solution having a pH~12.3 The separation efficiency of the ultrafiltration is shown in 
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The solution purified from radioactíve cesium was then acidified with concentrated nitric acid in 20 dm 3 batches in a cooled mixed reactor till pH~9.0. The crystallization reactor is shown in Figure 3 . The crystals were separated by filtration, dried at 50 0 C and weighted. The crystalline product contained mainly sodium-metaborate (NaBO 2 *8H 2 O). Heating the product above 55 o C the crystalline phase released four water molecules and NaBO 2 *4H 2 O formed. Figure 4 shows the separated wet crystals by the original and by the modified technology.
The measured specific radioactivity of the separated, dried crystalls and the unconditional clearance limit values are summarized in Based on our modification of the original wastewater treatment technology in the Hungarian Nuclear Power Plant we get beneficial results summarized as follows:
• The use of the new cesium selective ion exchanger eliminates the acidification of the evaporator bottom residue before the cesium removal by ion exchange.
•
Hence we can avoid the formation of borate crystals contaminated with radionuclides of cesium etc. and the additional washing of the separated crystals for the radioactivity removal.
• According to measured specific activity data we are able to release the dried solid crystals from the NPP and could be used as non-radioactive borate chemical.
Chemical and radiochemical analysis of radioactive sludges fron NPP Paks
According to the international experiences the sampling process depends on the sludge characteristics. The first step of the sampling process is a previous sampling to determine the boundary between the supernatant and sludge layers. This is followed after 3-4 days by the sampling. For diluted, liquid type sludges below the supernatant layer we can detect very often a crystalline salt and amorf sludge layer too. Sampling are usually done from the top, intermediate and bottom layers using a sampling pipe and vacuum For the concentrated sludges the samples are taken from different layers of the sludge phase. Following the sampling the sludge samples are photographed and characterized. The samples for organic content determination (TC, TOC, TIC) are collected in glass bottles, the samples for ion chromatographic analysis are stored in polyethylene botles at 4 0 C. The liquid samples are analysed for pH. We investigated two times three sludge samples taken from the tanks 02TW30B001, 02TW01B001, 01XZ06B001 of the Paks NPP. The sample characteristics are summerized in Table 3 . 
Physical chracateristics of the sludge samples
Because of the high dissolved and suspended content, high pH and other characteristics the direct determination of the sludge densities, the total solid content (TS), the dissolved and undissolved solid content (DS, UDS) was questionable. Separation of the liquid content of the composite sludge samples by vacuum filtration resulted a given amount of liquid phase remaining between the particles of the sludge sample and the determination of the total solid content of the sample is also problematic. Washing the dried sample may cause some dissolution losses. Because the above mentioned reasons we used an indirect method suggested by analysts (Ceo et al.,1990) for the determination of the densities and solid content of the samples. The results are shown in Table 4 . Table 4 . Physical charactersitsics of the sludge samples P3-2, P4-2 and P5-2
Organic content of the samples
We determined the TOC, TC and COD values of the centrifuged at 4000g supernatant portion of the samples P3-2 and P4-2, characterizing the dissolved organic content of the sludge samples. For the TC and TOC determination we used a SHIMADZU OceaniaTOC-V CS device, and COD was determined by the potassium bicromate method using potassiumhydrogen-phtalate reference. Results are seen in Table 5 . Organic content of the centrifuged supernatants
It is seen that sample P3-2 contains higher organic content then sample P4-2.
Chemical composition
Samples P3-2 and P4-2 contained supernatant liquid, which was separated by centrifuging at 4000g for 15 minutes and the separated liquid phase was analysed for anions (fluoride, chloride, nitrate, phosphate and sulfate) and for cations (lithium, sodium, potassium, ammonium, calcium and magnesium) ,by ion chromatography with dilution factors between 100 and 1000. We used an IC 861 Metrohm type ionchromatograph with a conductometric detector using an Table 6 . Chemical analysis of the centrifuged supernatants of samples P3-2 and P4-2
It is seen from the ionic composition of the supernatants, that in the P3-2 sample sudium is the main cation and important anions are carbonate, hydrogencarbonate and hydroxide. P4-2 supernatant sample contains only small amount of sodium and hydrogencarbonate ions. The chemical composition of the remaining after centrifugation solid phases and of the sample P5-2 was determined by simultaneous wasing water analysis and fusion of the solid phases using potassium-hydroxide fusion and hydrochloric acid dissolution and sodiumperoxyde-sodium-hdroxide fusion and hydrochlorid acid dissolution. Washing was completed by washing 1 g dry sample with 10 ml ultrapure water at 25 0 C and 350 rpm stirring for 10 minutes, then filtered with a 0,45 micrometer size microfilter. Filtrates were analsed with ion chromatography. According to results of analysis based on five paralell measurements sodium cation and chloride, hydroxide, nitrate, phosphate and hydrogencarbonate anions are present in the washing water samples. Chemical composition of the solid phase sludges were also determined by the fusion of the solid phases using potassium-hydroxide fusion and hydrochloric acid dissolution and sodium-peroxyde-sodium-hdroxide fusion and hydrochlorid acid dissolution. Fusion using potassium hydroxide was completed with ~1g dry sludge mixed with 5 g potassium-hydroxide and heated for 30 minutes and after cooling dissolved in 50 ml conc.
HCl and 50 ml ultrapure water. The determined potassium content was recalibrated using the potassium content of washing water samples, supposing that all potassium content is soluble in water. The total ionic content of the sludge samples P3-2 and P4-2 was calculated by summing the ionic contrations determined by wasing water and fusion solution analysis. The equivalent concentrations of the anions were calculated according to the distribution af the anions in the centrifuged supernatants of samples P3-2 and P4-2 and to the distributions of the anions in the washing water of sample P5-2. The variances of the five repeated analysis results of this fusion was between 0,4-39% for the different ionic components.
For each sludge sample we completed also a sodium-peroxide-sodium-hydroxide fusion and a hydrochloric acid dissolution too. In the fusion process we mixed ~0.25 g dry sludge with a mixture of 1.5 g sodium-peroxide and 1 g sodium-hydroxide and heated for 15 minutes at 600 0 C. After cooling the residue was dissolved with a mixture of 50 ml cc. HCl and 50 ml ultrapure water. Solutions were analyzed by ion chromatography. Table 7 . Ionic composition of solid sludges using KOH fusion and the total sludge composition We determined also the the undissolved oxalate content of the sludges by treating the samples first with cc. HCl for the dissolution of iron complexes, followed with a cc. nitric acid dissolution. The undissolved oxalate content of the samples P3-2, P4-2 and P5-2 was 4.177, 6.848, 23.362 meq/l accordingly. The EDTA content of the centrifuged supernatants were determined with ion chromatography with the method suggested by analysts (Krokidis et al.,2005) . The EDTA content (as Na 2 H 2 -EDTA*2H 2 O) was for centrifuged supernatant samples P3-2 and P4-2 10.86 and 12.82 mmol/l accordingly. The iron and manganese content of the sludge samples were determined by AAS. The borate content of the centrifuged supernate samples P3-2 and P4-2 was determined also with ion chromatography with the method suggested by analysts (Tapparo et. al.,1998) . The borate content was for centrifuged supernatant samples P3-2 and P4-2 164.35 and 1.172 g/l accordingly. The sludge composition was then calculated based on the ion chromatographic and titrimetric analysis of the supernatant, washing water, fusion samples and on the ICP-MS analysis. The calculated sludge compositions are summerized in Table 8 . Table 8 . The calculated composition of the sludge samples
Radiochemical composition
The radiochemical composition of the sludge samples was determined using gamma-and alpha-spektrometry and liquid scintillation measurements. For the gamma-spektrometry we used an ORTEC Model GMX25P4-76-C, Gamma-X HPGe Coaxial Detector with a CarbonFiber window, connected to a multichannel anlyser ORTEC DSPEC-jr-2.0, the spectra were measured with 100 cm 3 poliethylene sample with a 3600 sec counting time. Spectra were evaluated with a Gamma Vision -32 code. The results show, that in the P3-2 sludge ~99,5% of the gamma-activity is from 137 Cs, 134 Cs and 60 Co isotopes. The centrifuged supernatant contains 92-92,7% of the cesium, 14,26% of the cobalt and 91,35% of the total gamma-activity. In the P4-2 sludge ~99,4% of the gamma-activity is from 60 Co and 137 Cs, 134 Cs 54 Mn isotopes. The centrifuged supernatant contains only 0.62% of the total gammaactivity. After fusion of the solid parts of the sludges for the P3-2 sample 97% of the gamma activity is due to 137 Cs and 60 Co, while for the P4-2 sample 89% of the gamma-activity is due to 60 Co, 5,7% 137 Cs and there is also 54 Mn isotope present. P5-2 sample contains less activity of which 50,6% is 60 Co and conatins 54 Mn and 137 Cs isotopes too. Finally we determined the alpha-and beta-emitting isotopes in the samples too using preconcentration and salt removal techniques.For the alpha-activity measurements we used TRU columns and alpha-spectrometry and for the determination of beta-activity liquid scintillation technique. Detailed description of these measurements will be submitted later. Resultst for the KOH fusion samples radionuclide analysis are shown in Table 9 .
Sample P-3-2 Sample P-4-2 Sample P- 
Conclusion
The evaporator bottom residue in the NPP Paks contains high inactive salt content (~400g/dm 3 ) with trace amount of radioactive fission and activation products. The separation of the bulk borate and nitrate from the radioactive minor components is of great importance before solidification. The modified separation technology produces clean crystals without radioactive pollutants above the "unconditional" clearance limits. The final volume reduction factor is higher then 1000. There are some tanks at the power plant containing sludge type radioactive waste containing more or less liquid phase too. The general physical and chemical charactersitics (density, pH, total solid, dissolved solid etc.) and chemical and radiochemical composition of these sludges are important information for volume reduction and solidification treatment of theese wastes. Based on the literature sources we have investigated and constructed a complex analysis system for the radioactive sludge and supernatant analysis, including the physical, as well as the chemical and radiochemical analysis methods. Using well known analysis techniques as ion chromatography, ICP-MS, AAS, gamma-and alfaspectrometry and chemical alkaline fusion digestion and acidic dissolution methods we could analyze the main inorganic, organic and radioactive components of the sludges and supernatants. Determination of the mass and charge balance for the sludge samples were more difficult then for the supernantant samples. Not only are there assumptions required about the chemical form and the oxidation state of the species present in the sludge, but many of the compounds in the sludge are mixed oxides which are not directly measured. Also, the sludge is actually a slurry with a high water content. The interstitial liquid is in close contact with the sludge, and there are many ionic solubility equilibriums. The anion data for the sludge samples are based on the water soluble anions that would be available to a water wash. The water wash would not account for the insoluble hydroxides, carbonates, and mixed oxides present. The insoluble species do not contribute to the charge balance, and the cation charge is not used in the calculation. Most of the nitrate reported for the sludge is due to the interstitial liquid. Considering the limitations of these calculations, the mass balance was within the analytical error (±20%) for the sludge samples. There were three sample preparation methods used to investigate the total anion content of the sludge samples, which included water leach, potassium-hydroxide and/or sodium peroxide/sodium hydroxide fusion and acidic dissolution.
